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1. Introduction
HSPA and LTE are adopting MIMO technologies to achieve better spectrum efficiency, higher data throughput or better robustness for the downlink. Conducted tests are defined to test the performance of MIMO or multiple antenna receivers. However in the field the performance of the conducted tests does not predict real life performance due to antenna radiation performance and real channels. It is therefore desirable to be able to test the performance of MIMO or multiple antenna receivers with the influence of antenna radiation performance and realistic channels. In [1] RAN WG4 has set up a work item on measurement of radiated performance of MIMO and multiple antenna reception for HSPA and LTE terminals and would like to coordinate with COST2100 and CTIA. In [2] COST2100 has provided an update on the test methodologies being considered, and the research schedule, where the test methodology is mainly based on an anechoic chamber. In [3] CTIA has provided a similar update as in [2] but the test methodology is mainly based on reverberation chambers. This paper provides an overview on current research on MIMO OTA test as a start for the study item discussions.
2. Overview on the MIMO OTA test methodology researches
OTA test for single antenna has been well defined in 25.144, where the metrics TRP and TRS are used to evaluate the UE transmitter antenna performance and UE receiver antenna performance respectively. Unfortunately, the test methodologies and metrics can not be extended to MIMO directly. For MIMO antenna, not only will the power influence the performance, but also the antenna correlations. The correlation of antennas depends on the parameters of each path, like Angle of Arrival (AoA), Angle of Departure (AoD), Power Angular Spectrum (PAS), etc, of the fading channel. Thus for MIMO OTA test, the multipath fading channel has to be present. Currently there are three major test methodologies to address MIMO OTA test:
2.1 Emulate multipath fading channels within an anechoic chamber
In [4] a spatial fading emulator is presented to emulate the Rayleigh fading inside the chamber based on Jakes method, which uses multiple transmitters with different phase shifts to emulate the Rayleigh fading and test the multiple receive antennas inside the chamber. In [5] a method to emulate the multiple paths inside the anechoic chamber by using channel emulators is presented, where the channel emulator is used to emulate the path delay and also path fading as shown in Fig.1. The transmitter signal is faded by each fading path and radiated with a transmitter antenna array inside the chamber to test the multiple antennas. 
There are several challenges facing the test methodologies that emulate the multipath fading channels within the anechoic chamber. Firstly, for each single path, there needs to be at least one path of fading emulator and one RF signal generator. If the transmitter antennas are using polarization diversity or MIMO antenna arrays, the number of faded paths and RF signal generators will grow in proportion. Secondly, inside the anechoic chamber the AoA and AoD can be simulated for each path through the arrangement of the transmitter antenna arrays for each path. However, it is hard to simulate the power angular spectrum for each path inside the chamber even though some deliberate reflector may help. The change of transmitter antenna array configurations will need a lot of calibration and be time consuming. Thirdly, to avoid near field antenna interaction with so many transmitter arrays a large chamber may be required.
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Fig.1 MIMO antenna OTA test configuration from [5]

2.2 Emulate multipath fading channels within a reverberation chamber

There is a lot of research using reverberation chambers to do the OTA test [6], [7]. In [7], the reverberation chamber is used to evaluate the influence of MIMO antennas on channel capacity as shown in Fig.2. The research indicates that the results measured inside the reverberation chamber provide similar relative results to measurements using real channels with real antenna patterns or with simulation results using measured antenna patterns and certain channel models. The main challenge of the reverberation chamber approach is that it is only able to generate specific fading channels and is not flexible to generate generic multipath fading channels. 
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MIMO antenna measured inside reverberation chamber from [7]

2.3 Combine measured MIMO antenna pattern with multipath fading emulation
Geometry-based models like SCM [8] support arbitrary antenna patterns in the fading models. In [7], the method that combines the radiation pattern with the multipath channel model has been shown to be similar to the results from the reverberation chamber. Absolute results are not comparable since the fading channels are different. Using a channel emulator to emulate the influence of measured antenna radiation patterns together with multipath fading has advantages including; reuse of existing test equipment for measurement of antenna radiation patterns, flexibility in simulating different channel models, reduced test time and good repeatability.
3. Additional factors to be addressed
Besides the choice of different test methodologies, there are other important issues to be addressed. 

Firstly, different channel models will result in different test results. To make the test results based on different test methodologies comparable, repeatable and controllable, it is necessary to have agreed channel models emulated in a repeatable way.
Secondly, there needs to be new performance metrics defined to address the MIMO OTA test requirements. The SISO TRP and TRS are defined without the influence of the channel and do not scale for MIMO. In [8] a metric called Mean Effective Gain (MEG) is used to evaluate the antenna radiation performance with multipath channels. However, TRP, TRS and MEG are not defined for the MIMO case. For MIMO transmitter and receiver OTA test, the metrics to use are an open question. For multi-antenna devices, there are usually several working modes; spatial multiplexing mode, spatial diversity mode, large delay CDD, closed loop, etc. For these different modes, the performance will be different. Whether one set of metrics should be used for all modes has to be decided. For conformance test, throughput is used to evaluate the system performance. How this relates to MIMO OTA test metrics is something to be addressed.
Thirdly, for real MIMO systems, the performance is influenced by the correlation at both the transmitter and the receiver. In this case, the kind of BS radiation to use for the UE OTA test has to be agreed. The UE transmitter OTA performance depends on the BS receive antenna configuration and receiver algorithms. Similarly, the UE receiver OTA test depends on the BS transmit antenna configuration.
Fourthly, the test system cost and test time need to be taken into consideration. The current SISO OTA test already requires a long test time and requires a large investment in test instruments. It would be desirable that the MIMO OTA test can reuse a lot from the SISO OTA test. How to define the tests so that the test cost and time does not increase linearly with the number of antennas is another challenge to address.
4. Conclusion 
This paper has outlined three possible test methodologies for MIMO OTA test as well as four further issues to take into consideration which are: the need for agreed channel models, definition of new performance metrics, the need for a BS reference antenna configuration and the need to take into account test system cost and test time.
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